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ABSTR4CT

The application of present day electronic and computer technologies will be a
giant step towards the modernization cf animal c?isease control programs. Pas-
s ive remote electronic animal identification and temperature monitoring; anti-
body detection and single cell analysis techniques for the detection of infected
animals are discussed. Accurate and complete records fcw epidemiology and for
maintaining administrative control over infected herds are made possible by
large computer systems. Early and sensitive disease detection with accurate and
complete animal identification for traceback are both necessary for disease con-
trol. The integration of th~se techniques into an international animal disease
coritrol systen is postulated.

INTRODUCTION

As the world demands more optimum use of energy in food production, the applica-’
ticn of present day scientific technology to 3olving agricultural problems will
be necessary. With optimum use of the world”s energy resources as a prime con-
cern, the conservation of energy in food production is paramount. Efficient
food production will be measured not only in optimizing protein fo~ animal and
human consumption, but will also be measured in terms of decreased energy re-
quirements.11 One area of coilservation that. can be improved is that of disease
control in animals. New methods for disease prediction, detection, and forecast
need to be developed.

After a diseased animal is detected, its herd of origtn and the source of the
disease must be determined so that corrective! disease control and eradication
procedures may be initiated. To determine their herds of origin, animal popu-
lations must be identified. Computer technolo~;ies must be applied to manage
the extensive records that will be necessary for traceback through commerce to
herd of origin, Electronic techriology offers long-sought solutions for disease
detection and epidemiology problems.

APPLICATION OF REPfOTEELECTRONICIDENTIFICATION AM) TEMPERATUREMONITORING

To define uses of the remote,pastiive electronic identification and temperature
monitoring system, we must assume cor:,pletion of current developmental activity, 5
acceptance by the livestock industry of the need for implanted fdentifiers~ and
their subsequent use in domestic animals (Fig. 1). We have also assumed that a
network of large computers can be developed to manage the large amount of datn
that will be ~enerated.
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The rc=ote ter.?e:a:::e stnsiag capability provides animal heslt!t monitoring
ca~ability i% all ??.cses of tha Ilvestock industry. Although animal temperature
fluctuations can be =easured ●#inn individual cninds are ntnitcmed,lo small
chaz~e5 $3 :ke a\*~za~e :c:perature of a large animal population may give an in-
dication O: a p’n:;siolcgical chan~e associated with disease. Initial, temperature
profile research a: z}.* United States De~artmenc of Agriculture’s (PMDC) Animal
Disease Cezter i~ LOZS islanti, Xew York, $ Showed the potent id Of U6ti8 mtial
t~perature histories $2 the remote detection of foot and mouth diseasm in deer
and C4JtCld. O:hers !?Y;e recorded the temperature chan~fis that are asnocfated
with ehangus h feedia~ :etabolism or dairy production. The altered metaboltc
Gr physiological actfi:: cy that is associated with ovulation, parturition, and
other dis:srbances a:e :cflccted to some extent in the temperature history of
the aniaal.~

The advent OS re=o:e~ ?assive temporaturc monitorin~ ic do~estic acimals re-
quires a new effoxc co :&fine exact relationships between physiology and body
te:’peratures. These s:udies are underway,lo but much more Information is
ne$ded.

Tne po:e~zlal of thu :e=perature tzonitoring 1s summarized in the following
paragraphs:

Metabolism - In cattle &c$ swine, adequate intake of nutrients prcvides for
physiological stability in t!m absence of disease. Prudent uae of plant protein
in producin~ zea: and dairy products will become more and more critical, and the
genetically efficiea: production animal mu~t be fed exactingly to produce the
end prott~:: xlth opci=sa consumption of plant protein. Tctsperaturo monitorhg
an{! infornatio% fro> o::;er sources will provide data for computer dispensing of
feed ant! =etication. 3aea from nilk analyecs and weifiht gain performances,
correlated with tenpe:a:ure ~onitoring, can provide a high degree of automation
w$th ma%inua efficiency.

Disease Detection - &t’i=al diseases cause reductions In production efficiency.
Often, early disease c!e:ection can minimize the effort that Is nece}mary for
control of the disease. :fany animal diraases cause specific perturbations in
temperature histories. These ?erturbacions are related to the multiplication
of th? infect~aus organisa, and in some instances, can be used for determining
the type of organiss. ihe early detectton of disease with the subsequent %so-
latioa a:d treataent of suspect aniual~ could rasult in both large savings to
the livestock produce:s and a nore efficient operaticm. Other recent advances
in (disease detection will be discussed in following, paragraphs.

Other authors have ~:ri:ten about the need for a pnssive (no batteries) subdermal,
renote identification and temperature monitoring system for the livestock
industry.s Its uses in the livestock induetry have been logically projected.4
Now, we nust assuaa t~at the device is a reality and speculate on its use by
the livestock iniiustry.

The systen can be used extensively in commerce. In the livestock markets, an
animal can be imedlately identified upon reaching the facility. The auirnalfs
identification nupher could be transmitted to a large ~omputcr center, and ver-
ification of ownership could be obtained. If the animal were moved from an in-
fected herd, proper disease control procedures could be iuitiated,

The tminalls tenpera:ure could be recorded , and if it were excessive, the animal
COU1’ be isolated and its cause determined. All nnimals could be screened using
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The nsjcr USBS for eiactronic idtintification wII1 b~ found in permanent institll-
●:tc:s. Yhnse sys:ezs can ba used to control fee4 stlxturria and medicatimt to
int<v<<cal mkals, o?ea ml close ga:as (F.tR. 2), and assign weight and per-
for~mze ir.fornntion to the proper anitnul. The USN of thaw sytttems in live-
8tsck ?arkets has bees c!iscuttsed previously.

These syste~s can be usad to nonitor animals as they enter a slaughter plant.
The ariiral identification number will allow truceback to the animal’s herd of
Osfgin. This information is uxtrernoly important if the animel is found to bc
diseased and disease contr~l procedures are inittatad.

Rapid, whole blood disease screeninR methods such as EI,:\ can be used to further
insu~e the w~.olesoxeness of th final meat product. If an anitanl is found to
be diseased, St is i~portant that tho anitnnl be identified for subsequent
traceback to the herd of origin,
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Ea%aa-Labelad Antibody (EM) Syste~

A racent cooperative dcvelopmsmt by the MDA - Animal and Plant Health Inspec-
tion Servict (AWIS) and @ the Energy P@txmrch and Development Administration’
Loa Alanos Scientific Laboratory (LASL) is the ELA test (Fig. 3). This test
1s being developed for the detection of viral, bsctorial, paraaitic, and Wxin
antibodies.$~g ne test is slmplc and is eaaily automated, and will allow for
scraenin~ singla whole blood samples for several diseases. The current test
procedure requi.as 20 to 30 minutes to com@ste. Up to 96 tests can be done
●t a tiasa. It is expected chat further development of Lhe ELA test will allow
for r&F$d dlaease screening on ranches, in markets, in slaughter plSnts
Waetoira), ●nd in laboratories.

Tha ●utomted EM system wfll be computer compatib:.e. Input samplea and output
reeults wIL1 be carr?’lated by the system with the tese results. These results
can ●lso be ●tored or, a magnetic tape for subaequeot transa?.ssion to a large
coapu:er centar. These data can then be Indexed and fl~ed for computer analy-
ses. Tt,ese data can be used for diseas~+ control programs and for livestock
prediction and forecast.

si!!iQece~l ~n$lm!?

Investigations are currently being made to determine tha effects of antigens
on COIL systems. 2~6 These include che use of thd Flow l!icrofluorometer (RF)
System at the LASL (Fig. 4). Cells are etained with specific fluorescent dyea
to Indicate ● particular cellultir property such aa DNA, RNA, entigens or antl-
bodiest These celis are passed through a laser bean to excite the fluroescence
●nd the anount of fluoreucance ia measured electro-optically. The PM? crur be
used to categorize \\p Jo 50,000 single cells per minute. This instrument is
beins used in the determination of the effects of disease on cells as a func-
tion of virulence and to study cell mediatea immunity systems.

The latter studias are directed towards a rapid system of determlnii,g the pre-
‘imhne effects of diseace that is evident in cells during the “incubat!.on
stages.” Certain cellular components of the leucocytic (WBC) series of cells
perform the function of antibody production. These antibodies can be detected
durins later stages of the disease using such methods as the ELA test.

U$ually ●t this later stage of the disease, the animal will have infected eev-
eral other animal? with the disease. The object of these studies is to detect
the diseas~ durinrn the “incubation stage” and minimize the probability that
the disease ia transmitted to other animals.

Diseases such as tuberculosis, which are generally undetectable by current
laboratory methode, are of primary concern. Eventually these etudies will
expand to Mny important aniaal diseases, adding a valuable tool to disease
control programa.
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CONCLUSION

75e developmzt anti w<desprcar! use of nn accurate passive livestock idcntiflca-
tiwn and temperature =ozitori~g sysccm is the kcy tu the control nnd subsequent
e~adication of aniydl diaeaseg (Fig. 5). This will load to more efficient food
production. k’ith tha system that we have discussed, the livestock industry
~iil be able to bette: opt~nize the production of animal protein..

There ia an t=portant balance between plnnt foode for animal and human con~ump-
tian, animal products and by-products, world human population dy~lamics, and
political and international economic considerations (Fig. 6). All &vailable
technology should be csed to r~intain this delicate balance. NCXJdisease de-
tection rtethods, r~-.ote electronic Identification and temperature monitoring,
and space-age plant-crop assessment, offers the rneona for m(lintaining this
delicate balance. Further application of eciantific technology to agricultural
problems is need’d.
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FIGURE CAPTIONS

Fl:u:e 1, =k:s photo shows the implantablc tezsprrnt:trc monitoring transponder
before and afr~r encapsulation.

Fir~re 2. 2W passive identification system is bclng used to automatically
sort cattle.

Figure 3. The various steps used in the EM test are shown and discunsed.

Fig&rei 4. The principle of the Flow Microfluorometry aystcm la shown.

Flgme 3. The a.aimel identification and diaeaee detection syatema arc shown as
they nay be used in disease control programs.

Figure 6. i~he interaction of food and energy supplies are ohowa.
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THE EM TEST

THE ENZYME-LABELED ANTIBODY (ELA) TESTWN DEVELOPEPTO DETECT DISEASE BY OBSERVING THE

PRESENCE OF THEIR ANTIBODIES IN BLOOD, T~E METHOD IS SENSITIVE, FAST, INEXPENSIVE, AND SUITABLE

FOR DETEcT:NG MANY DIFFERENT DISEASES IN HUMANS AND ANIMALSO THE TEST IS ILLUSTRATED BELOW

FOR ONE DISEASE.

13zl

ADDSAMPLE(l) WASH

1, Twc DROPS OF WHOLE

AIXI CONJUGATE(2)
AND lNCU&ATt

BLOOD OR SERUM ARE

NASH ADD SUBSTRATE (3) STOP READ(4)
S,ND INcUBATE REACTION

ADDEDTO AN ANTIGEN-COATED MICROTITER WELL,

2, ~HE $ONJUGATE IS A
TAG OF AH ENZYME

3, THE SUBSTRATE IS A

4, NEGATIVE - CLEAREST LIQUID

POSITIVE = DARKER LIQUID

MATERIAL THAT WILL ADHERE TO AN A!JTIGE?II-ANTIBODY COMPLEX AND HAS
ASSOCIATED WITH IT,

MATER!AL THAT UNDERGOES A COLOR CHANGE IN THE PRESENCE OF THE ENZYME,

THE PROCESSING CAN ?E DONE IN LESS THAN 30 MINUTES AT A COST OF A FEW CENTS PER TEST,

ONLYMINOR CHANCES IN REAGENTS OR CONDITIONS ARE REWIRED FOR DIFFERENT DISEASES OR DIFFERENT

SPECIES, h70LIIATION OF THE PROCESSING IS UNDERWAY,

.
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